The crystallographic stacking order in multilayer graphene plays an important role in determining its electronic properties. It has been predicted that a rhombohedral (ABC) stacking displays a conducting surface state with flat electronic dispersion. In such a flat band, the role of electron-electron correlation is enhanced possibly resulting in high Tc superconductivity, charge density wave or magnetic orders. Clean experimental band structure measurements of ABC stacked specimens are missing because the samples are usually too small in size. Here, we directly image the band structure of large multilayer graphene flake containing approximately 14 consecutive ABC layers. Angle-resolved photoemission spectroscopy experiments reveal the flat electronic bands near the K point extends by 0.13 Å -1 at the Fermi level at liquid nitrogen temperature. First-principle calculations identify the electronic ground state as an antiferromagnetic state with a band gap of about 40 meV.
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The crystallographic stacking order in multilayer graphene plays an important role in determining its electronic properties. It has been predicted that a rhombohedral (ABC) stacking displays a conducting surface state with flat electronic dispersion. In such a flat band, the role of electron-electron correlation is enhanced possibly resulting in high Tc superconductivity, charge density wave or magnetic orders. Clean experimental band structure measurements of ABC stacked specimens are missing because the samples are usually too small in size. Here, we directly image the band structure of large multilayer graphene flake containing approximately 14 consecutive ABC layers. Angle-resolved photoemission spectroscopy experiments reveal the flat electronic bands near the K point extends by 0. Rhombohedral multilayer graphene, ABC-stacked layers of graphene, is predicted to host an electronic band with a flat dispersion at the K points of the Brillouin zone. This system shares many common features with crystalline topological insulators 9 . The associated wave functions are spatially located on its top and bottom surfaces, while bulk states present an energy gap 10 . In the following, we will refer to these bands as the flat bands or as surface states. When increasing the number of ABC stacked layers, the extent in k-space of the flat dispersion increases and the energy gap in the bulk decreases 1 . The electronic ground state in a flat band has been predicted to be superconducting 11 , 12 or magnetic 6, 13, 14, 15 . 20 . A proper and systematic investigation of the electronic properties of long-sequences of ABC stacked multilayer graphene is still lacking.
In this work, we use angular resolved photoemission spectroscopy (ARPES) to investigate the band structure of a large sequence of ABC stacked graphene layers produced by exfoliation. We report on the observation of the band structure of thin flake rhombohedral multilayer graphene, in particular the low energy bands at the K point displaying a flat dispersion. This band structure is compared to the one of a Bernal stacked domain of similar thickness. We underline that the dispersion of the surfaces states band is about 25 meV and the flattening of the band top is approximately 0.13 A -1 near the K points. Ab initio calculations identify this flat band dispersion as originating from the exchange interaction among carriers in the half-filled bands on the two surfaces. The electronic ground state is hence spin polarized and thin layers of rhombohedral multilayer graphene can offer an interesting platform for spintronics applications.
Graphene multilayers exhibit two structures with Bernal ( Figure 1 To resolve the electronic structure of rhombohedral multilayer graphene film described above, we have performed nano-ARPES measurements at synchrotron Soleil at liquid nitrogen temperature (90 K), with a spatial resolution of 100 nm 25 . In Figure 2 (a) we show the averaged ARPES map coming from the rhombohedral multilayer graphene flake shown in figure 1(f) . The photoemission intensity around the K-point for the rhombohedral multilayer graphene was acquired along the ΓKM direction for a photon energy hν = 100 eV as a function of space coordinate.
The ARPES intensity was then integrated over different energy ranges illustrated by the three colored rectangles A, B and C in Figure 2 split-off bands close to the K point of the ABA multilayer graphene 26 . The ARPES response measured over the ABC domain is completely different (Figure 3(d) ). It consists of an intense band close to EF with a flat dispersion, and two cone-like structures composed of a manifold of bands (Figure 3(e) ). The flat band at the Fermi level is also confirmed by the energy distribution curves (EDC) at the K point with about 50 meV bandwidth (Figure 3(f) ).
This picture precisely reflects the expected band structure of rhombohedral multilayer graphene 13, 15 . White dashed curves in these graphs correspond to bulk states and green dashed curves highlight the surface state of the outer layers.
To gain further insight into the electronic structure thin rhombohedrally stacked multilayer graphene film, we performed first-principles electronic structure calculations with inclusion of an exact exchange (see SI). We considered a 14-layer crystal with the ABC stacking, as indicated by the experimentally observed extend in kspace of the flat band of 0.13 Å -1 , and we included a 37 Å vacuum gap between the periodic images. We performed spin-polarized and unpolarized calculations. The same rescaling of the Fermi velocity found for graphene was applied. By neglecting spin polarization, the electronic structure displays an extremely narrow metallic surface state (band dispersion smaller than 2 meV) localized around the K-point in the Brillouin zone (see green dashed lines in Figure 4 (b) ). This is in disagreement with the experiment, which established a substantially larger bandwidth (25 meV). The two cones formed by an ensemble of electronic bands corresponding to the bulk states, and intersecting at the K point at an energy of -400 meV, are well reproduced. By introducing the spin polarization, an antiferromagnetic state is stabilized, in agreement with the findings of Ref. 15 [15] measurements. The quality of the multilayer graphene transferred onto the graphene underlayer was proved by atomic force microscopy (AFM) and Raman spectroscopy measurements.
ARPES measurement:
The sample was annealed at 800 °C to clean the surface before the ARPES measurements. Nano-ARPES experiments were performed on the ANTARES beamline (SOLEIL French synchrotron facility). The ARPES data were taken at photon energy of 100 eV with Scienta R4000 analyzer, using linearly polarized light at a base pressure of 5x10 -11 mbar. The sample was kept at 90 K during the ARPES measurement. The sample orientation was set as to explore the k-space region around the K point in the KM direction of the Brillouin zone.
First-principle electronic structure calculations: We used the PBE0 functional as implemented in the CRYSTAL code 2 and a triple-ζ -polarized Gaussian-type basis set 3 . All technical details are the same as in. Ref. 4 . We first performed PBE0 calculations on graphene and determined that a 16% reduction of the Fermi velocity is needed to match the experimental electronic structure. 
